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ELECTRONIC EXPANSION VALVE

CROSS-REFERENCED APPLICATIONS

The present application 1s the national phase of Interna-
tional Application No. PCT/CN2015/074590, titled “ELEC-
TRONIC EXPANSION VALVE”, filed on Mar. 19, 2014
which claims the benefit of priorities to Chinese patent
application No. 201410101289.6 titled “ELECTRONIC
EXPANSION VALVE”, filed with the Chinese State Intel-
lectual Property Oflice on Mar. 19, 2014, and Chinese patent
application No. 201410101878.4 titled “ELECTRONIC
EXPANSION VALVE”, filed with the Chinese State Intel-
lectual Property Oflice on Mar. 19, 2014, the entire disclo-
sures ol which are icorporated herein by reference.

BACKGROUND

1. Field of the Disclosure

The present application relates to the technical field of
flow control components, and particularly to an electronic
expansion valve.

2. Discussion of the Background Art

In the refrigerating and heating technical field, an elec-
tronic expansion valve 1s a refrigerant flow control compo-
nent of refrigerating and heating devices, and the working,
process thereot 1s generally that: with a coil device power-on
or power-oil, a valve needle 1s driven to adjust an opening
degree of a valve port so as to accurately adjust a flow of the
refrigerant.

In some systems, when the electronic expansion valve 1s
in a fully closed state and loses etflicacy, or when a control
system breaks down, 1 a compressor keeps running, a
refrigerating circuit may be partially vacuumized and further
the compressor and even the whole refrigerating system may
be damaged. Therefore, a fully closed and flow allowed
clectronic expansion valve i1s gradually used to replace a
tully closed and tlow unallowed electronic expansion valve
in these systems. The so-called “fully closed and flow
allowed” means that when the valve port of the electronic
expansion valve 1s closed by the valve needle of the elec-
tronic expansion valve, a certain flow 1s still allowed to pass,
thereby eflectively avoiding the problem caused by continu-
ous runnming of the compressor that when the electronic
expansion valve 1s i a fully closed state, the refrigerating
system circuit 1s vacuumized.

In the conventional technology, the fully close and flow
allowed electronic expansion valve generally adopts two
types of structures: a grooving type and a gap type, which
are described hereinafter respectively in conjunction with
drawings.

Reference 1s made to FIGS. 1 and 2. FIG. 1 1s a schematic
view showing the structure of a valve needle cooperating
with a valve port during a valve opening process of a
grooving type electronic expansion valve i the conven-
tional technology, and FIG. 2 1s a flow curve to which the
grooving type electronic expansion valve corresponds.

The so-called grooving type groove means that a groove
1s cut at a valve port portion of the electronic expansion
valve to allow the seal of the valve port to be incomplete.
Thus, when the electronic expansion valve 1s 1 the fully
closed state, a portion between the valve needle and the
valve port can not be completely sealed due to the existence
of the groove, and there 1s still a small quantity of flmd
flowing through the groove, thereby realizing the object that
there 1s still some flow when the electronic expansion valve

1s fully closed.
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A valve needle 18 i1s provided with a sealing conical
surface 181 and an adjusting conical surface 182. The
sealing conical surface 181 1s configured to contact with a
valve port 17 to realize a seal or a partial seal (FIG. 1 shows
the grooving type electronic expansion valve and a valve
port portion 1s provided with a groove to ensure a certain
flow, thus the valve needle 18 can not completely seal the
valve port). For avoiding the seli-locking, a taper angle of
the sealing conical surface 181 1s generally set to be larger
than 45 degrees. As shown 1 FIG. 1(a), for obtaining and
setting a zero pulse flow valve, a pulse ranging from 0 to X1
1s generally used to make the valve needle 18 to fully contact
with the valve port 17. The valve needle 1s 1n the state of
tully closing the valve port, the sealing conical surface 181
1s 1n contact with the valve port 17, and a contacting portion
1s located on the sealing conical surface 181. A valve port
plane P1 where the contacting portion 1s located 1s higher
than a valve needle plane P2 where a boundary between the
sealing conical surface 181 of the valve needle 18 and the
adjusting conical surface 182 of the valve needle 18 1is
located (see an enlarged view of portion I). Thus, it could be
understood from FIG. 2 that, a flow value of a 0~X1 pulse
section 1s the zero pulse tlow value, and the zero pulse tlow
value 1s relevant to a depth of the groove. However, 1n the
actual machining process of the groove, due to diflerence 1n
hardness of materials and the difference of machining pro-
cess, the depth of the groove cannot be ensured to be
completely the same, and thus the zero pulse tlow value can
not be completely controlled. Furthermore, a width of the
0~X1 pulse section 1s relevant to the debugging, an error 1n
a debugging process may make X1 to fluctuate 1n a range
and the error can generally reach 40 pulses, thus adversely
allecting an adjusting accuracy of the electronic expansion
valve.

Since the taper angle of the sealing conical surface 181 1s
different from a taper angle of the adjusting conical surface
182, flow change rates are different. During the valve
opening process, before an intlection point passing the valve
port, that 1s 1n a position corresponding to X2 pulse 1 FIG.
1, the valve port plane P1 where the contacting portion
between the seal conical surface 181 and the valve port 17
1s located 1s coincident with the valve needle plane P2 where
the boundary between the seal conical surface 181 and the
adjusting conical surface 182 is located, as shown 1n FIG.
1(b). With the valve needle 18 further moving upward,
corresponding positions of the valve needle and the valve
port at an X3 pulse are as shown i FIG. 1(c). At last, the
valve port 1s 1n a fully opened state which i1s as shown in
FIG. 1(d). The intlection point between X3 and X4 of the
flow curve can be set according to the actual conditions.

According to the tlow curve in FIG. 2, the flow change
rate corresponding to the pulse section ranging from X1 to
X2 1s obviously larger than a tlow change rate required by
the electronic expansion valve, thus this pulse section can
not be used 1n the practical application. Further, since X2 1s
relevant to X1, the value of X2 1s undetermined. Conse-
quently, the zero pulse flow value of the electronic expan-
sion valve with such structure can not be accurately con-
trolled, and due to the difference 1n valve opeming pulse, the
flow corresponding to a small opeming degree section of
0~X2, which 1s at a front end of the flow curve, has a low
adjusting accuracy, thus the flow adjusting accuracy of the
whole valve 1s low at a low pulse section. Furthermore,
when the electronic expansion valve with such structure 1s in
the fully closed state, the seal conical surface 181 1s in
contact with the valve port, thus an abrasion of the valve
needle and the valve port 1s apt to occur when the electronic
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expansion valve 1s fully closed and just opened, and a
phenomenon of valve sticking 1s likely to occur.

Reference 1s made to FIGS. 3 and 4. FIG. 3 1s a structure
schematic view showing that a valve needle cooperates with
a valve port during a valve opening process of the gap type
clectronic expansion valve, and FIG. 4 1s a flow curve to
which the gap type electronic expansion valve corresponds.

The so-called “gap type” means that the valve needle of
the electronic expansion valve 1s provided with an equal
diameter section, and a diameter of the equal diameter
section 1s smaller than that of the valve port, thus there 1s a
certain gap when the valve needle cooperates with the valve
port, thereby realizing an object that there 1s still some flow
when the electronic expansion valve 1s fully closed.

A valve needle 19 includes an equal diameter section 191
and an adjusting section 192, the equal diameter section 191
has a cylinder shape, and a connecting position between the
equal diameter section 191 and the adjusting section 192 is
defined as a valve needle plane P3. A valve port 17 has the
same structure as the valve port 1n the above grooving type
clectronic expansion valve, and a diameter of the valve port
17 1s set to be larger than that of the equal diameter section
191. As shown 1n FIG. 3(a), when the electronic expansion
valve 1s 1n the fully closed state, the valve needle plane P3
1s lower than a valve port plane P4 where a top portion of the
valve port located. There 1s a certain gap between the equal
diameter section 191 and the valve port 17, a zero pulse tlow
value 1s ensured by controlling a size of the gap. Therefore,
the requirement for the manufacture accuracy of the valve
needle and the valve port having such a structure 1s high.
Reference 1s made to FI1G. 4, a position relationship between
the valve needle and the valve port corresponding to the X1

pulse 1s as shown 1n FIG. 3(b). The valve needle plane P3 1s
comncident with the valve port plane P4. The width of the
0~X1 pulse section 1s relevant to a debugging and a manu-
facture accuracy, and an error during the debugging process
may make the X1 to fluctuate 1n a range and thus the X1 can
not completely controlled. In the practical use, the flow
value corresponding to 0~X1 pulse keeps unchanged and a
value of X1 1s undetermined, therefore the 0~X1 section
pulse can not be used, thus causes an available pulse section
to be decreased. FIGS. 3(c¢) and 3(d) respectively show the
positions of the valve needle with respect to the valve port
corresponding to X2 pulse and X3 pulse, and whether there
1s an intlection point between X2 and X3 of the flow curve
or not can be determined according to the practical situation.

It can be seen that, for the fully closed and flow allowed
clectronic expansion valve 1n the conventional technology,
no matter the grooving type or the gap type, both the zero
pulse flows can not be easily and accurately controlled, and
a pulse section having an unchanged tlow value (a pulse
section which can not be fully used) exists 1n the tlow curve,
thus a control accuracy of the electronic expansion valve 1s
adversely aflected to a certain extent.

Therelore, it 1s a technical problem urgently to be solved
by those skilled 1n the art to design an electronic expansion
valve, which can accurately control the zero pulse tlow,
allow the flow curve to be exclusive of a section having
unchanged flow value, and fully use the small openming
degree section of the electronic expansion valve.

Furthermore, under the affect of the design of flow
channels inside the electronic expansion valve, a noise may
be generated when a fluid passes through the valve port.
Therefore, the tlow channels of the electronic expansion
valve should be specially designed for some middle-grade
type and high-grade type machines.
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Reference 1s made to FIG. 15, which 1s a schematic view
showing the structure of a typical electronic expansion valve
in the conventional technology.

The electronic expansion valve includes a valve seat 16.
A first connecting pipe 14 and a second connecting pipe 15
are {ixedly connected to the valve seat 16 respectively. The
fluid enters the first connecting pipe 14, tflows through a
valve port 17' arranged on the valve seat 16, and 1s dis-
charged from the second connecting pipe 135 (the fluid may
also enter the second connecting pipe 15 and be discharged
from the first connecting pipe 14).

A housing 6 1s fixedly connected to an upper side of the
valve seat 16, the housing 6 i1s sealed by a cover 1, thus a
sealed chamber 1s formed above the valve seat 16. A magnet
rotor 8 and a lead screw 7 fixedly connected to the magnet
rotor 8 are provided 1nside the housing 6. A valve needle 18
1s further arranged under the lead screw 7. The lead screw 7
cooperates with a nut 9 fixed on the valve seat 16 by a screw
thread and can move relative to the nut 9. An electromag-
netic coil (not shown 1n the figure) 1s sleeved on an outer end
of the housing 6, the electromagnetic coil generates a pulse
alter being energized and drives the magnet rotor 8 to rotate,
thus driving the lead screw 7 to rotate. Due to the screw
thread fit, a rotating motion of the lead screw 7 1s converted
into upward and downward motion, which drives the valve
needle 18' connected to the lead screw 7 to move upward or
downward to get close to or away from the valve port 17" so
as to change the opening degree of the valve port 17" and
realize the object of adjusting the flow.

For controlling a starting position and a stopping position
of the upward and downward motion of the valve needle 18",
a stopping mechanism 1s further provided. The stopping
mechanism includes a stopping rod 4 fixed on the lead screw
and a stopping portion 2 fixed on the sealing cover 1. A
helical spring guide rail 3 1s fixed on the stopping portion 2,
a shiding ring 5 1s helically slidable on the helical guide rail
3, and one end of the sliding ring 3 abuts against the stopping
rod 4 so as to realize the stopping object.

As shown in FIG. 16, a lower end portion of the valve port
17 1s provided with a flared opening 171'. Although the
flared opening 171' can reduce the noise to a certain degree,
during the process that the fluid flows through the valve port
17" from the first connecting pipe 14 and reaches the second
connecting pipe 15, since an mner diameter of the valve port
17' 1s much smaller than an inner diameter of the first
connecting pipe 14, a flow area may still be suddenly
changed when the fluid flows through the valve port 17'.
Therefore, the tluid 1s apt to generate bubbles near the valve
port 17', and the bubbles are broken due to squeezing when
passing through the valve port 17', thus generating noise.

Therefore, 1t 1s a technical 1ssue urgently to be addressed
by those skilled 1n the art to design an electronic expansion
valve which can further reduce the noise based on the
conventional technology.

SUMMARY

The technical 1ssue to be solved by the present application
1s to provide an electronic expansion valve which can solve
the defections i1n the conventional technology that a zero
pulse tlow can not be easily accurately controlled and a
small opening degree section pulse can not be fully used.

For solving the above technical 1ssue, an electronic
expansion valve according to the present application
includes:
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an electromagnetic coil configured to apply a pulse to
allow the electronic expansion valve operate 1n response to
the pulse;

a valve body provided with a valve port; and

a valve needle configured to cooperate with the valve port
to adjust a flow of the electronic expansion valve.

The valve needle includes a main body section and a first
conical surface portion which 1s arranged adjacent to the
main body section, the valve port includes a straight section
portion having equal diameters; and when the electromag-
netic coil applies a zero pulse, the straight section portion 1s
not 1 contact with the valve needle, and an intersecting
surface ol a plane, where a top end of the straight section
portion 1s located, and the valve needle 1s on the first conical
surface portion.

The electronic expansion valve according to the present
application can precisely adjust the flow at a low pulse stage.
During assembly, a zero pulse position can be directly
obtained by adjusting a relative position of the valve needle
and the valve port and by using a flow meter. The flow
accuracy at the zero pulse merely depends on a test accuracy
of the tlow meter and i1s not relevant to the manufacture
accuracy of the valve needle and valve port, which can
tremendously improve the consistency of the zero pulse flow
and greatly reduce the manufacture cost. In a flow curve of
the electronic expansion valve, there 1s no section with
unchanged flow value, therefore flow adjustment can be
performed by fully using a small pulse area, so that an
adjustment range of the electronic expansion valve 1s
enlarged.

Preferably, the valve port further includes a first valve port
conical surface and a second valve port conical surface
which are arranged at two ends of the straight section portion
respectively, extend n a direction away from an axial
direction of the straight section portion and have inner
diameters increased gradually.

Preferably, an intersecting surface of a plane, where a
boundary line between the first valve port conical surface
and the straight section portion 1s located, and the valve
needle 1s on the first conical surface portion.

Preferably, the largest diameter of the first conical surface
portion 1s larger than an inner diameter of the straight section
portion.

Preferably, the valve needle includes the main body
section, a first valve needle conical surface and a second
valve needle conical surface, which are adjacently arranged
in sequence; the first valve needle conical surface has a taper
angle larger than a taper angle of the second valve needle
conical surface; and an intersecting surface of the plane,
where the top end of the straight section portion 1s located,
and the valve needle 1s on the second valve needle conical
surface.

Preferably, the valve port further includes a first valve port
conical surface and a second valve port comical surface
which are arranged at two ends of the straight section portion
respectively, extend 1n a direction away from an axial
direction of the straight section portion and have inner
diameters increased gradually; and an intersecting surface of
a plane, where a boundary line between the first valve port
conical surface and the straight section portion 1s located,
and valve needle 1s on the second valve needle conical
surface.

Preferably, the largest diameter of the second valve port
conical surface i1s larger than an inner diameter of the
straight section portion.

Preferably, the valve port includes a straight section
portion and a conical surface portion, an intersecting surface
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ol the plane, where the top end of the straight section portion
of the valve port 1s located, and the valve needle i1s on the

second valve needle conical surface, and the largest diameter
of the second valve needle conical surface 1s larger than an
inner diameter of the straight section portion of the valve
port.
Preferably, the valve port includes a straight section
portion and a comical surface portion, and an intersecting
surface of a plane, where the top end of the straight section
portion of the valve port 1s located, and the valve needle 1s
on the first conical surface portion.

Preferably, the valve port includes a first valve port
conical surface, a straight section portion and a second valve
port conical surface, which are arranged 1n sequence; and a
height of the first valve port conical surface and a height of
the straight section portion meet the relationship: 2=d1/
d2=10, where d1 1s the height of the first valve port conical
surface and d2 1s the height of the straight section portion.

Preferably, a height of the second valve port conical
surface and the height of the straight section portion meet the
relationship: 2=d3/d2=10, where d3 1s the height of the
second valve port conical surface and d2 1s the height of the
straight section portion.

Preferably, the first valve port conical surface and the
second valve port conical surface are respectively arranged
at two ends of the straight section portion, extend in a
direction away from an axial direction of the straight section
portion, and have inner diameters increased gradually.

Preferably, a taper angle of the first valve port conical
surface 1s within a range of 50°x£20°.

Preferably, the taper angle of the first valve port conical
surface ranges from 50° to 70°.

Preferably, a taper angle of the second valve port conical
surface 1s within a range of 36°+£20°.

Preferably, the valve needle includes a first conical sur-
face and a second conical surface; the first conical surface
cooperates with the second conical surface and meets the
relationship: a1-p1=20°+£10°, where a1 1s the taper angle of
the first valve port conical surface of the valve port and 31
1s the taper angle of the first conical surface of the valve
needle.

Preferably, the valve seat 1s provided with a first chamber
and a second chamber, the first chamber 1s adjacent to the
first valve port conical surface, and an inner diameter of the
first valve port conical surface 1s equal to the largest inner
diameter of the first valve port conical surface.

Preferably, an inner diameter of the first chamber 1s
approximately equal to an imner diameter of the second
chamber, and a cross sectional area of the first chamber and
a cross sectional area of the straight section portion meet the
relationship: 2=S1/52<35, where S1 1s the cross sectional area
of the first chamber and S2 1s the cross sectional area of the
straight section portion.

Preferably, during a process of the valve needle moving
away from the valve port by at least 250 pulses, a tlow
channel having an annular cross section 1s formed between
the first valve port conical surface and the first conical
surtface.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

FIG. 1 1s a schematic view showing a mating structure of
a valve needle and a valve port during an opening process of
a grooving type electronic expansion valve in the conven-
tional technology;

FIG. 2 1s a flow curve to which the grooving type
clectronic expansion valve corresponds;



US 10,295,064 B2

7

FIG. 3 1s a schematic view showing a mating structure of
a valve needle and a valve port during an opening process of
a gap type electronic expansion valve in the conventional
technology;

FIG. 4 1s a flow curve to which the gap type electronic
expansion valve corresponds;

FIG. 5 1s a schematic view showing the structure of an
clectronic expansion valve according to a first embodiment
of the present application;

FIG. 6 1s a schematic view showing the structure of a
valve needle of the electronic expansion valve according to
the first embodiment;

FIG. 7 1s a schematic view showing a mating structure of
the valve needle and a valve port when the electronic
expansion valve according to the first embodiment 1s at a
zero pulse;

FIG. 8 1s a schematic view showing a mating structure of
the valve needle and the valve port when the electronic
expansion valve according to the {first embodiment 1is
opened;

FIG. 9 1s a flow curve of the electronic expansion valve
according to the first embodiment;

FIG. 10 1s a schematic view showing a mating structure
of a valve needle and a valve port of the electronic expansion
valve according to the second embodiment;

FI1G. 11 15 a schematic view showing a mating structure of
a valve needle and a valve port of the electronic expansion
valve according to the third embodiment;

FIG. 12 1s a schematic view showing a mating structure
of a valve needle and a valve port according to the fourth
embodiment;

FIG. 13 1s a schematic view showing a mating structure
of a valve needle and a valve port of the electronic expansion
valve according to the fifth embodiment;

FIG. 14 1s a schematic view showing a mating structure
of a valve needle and a valve port of the electronic expansion
valve according to the sixth embodiment;

FIG. 15 1s a schematic view showing the structure of a
typical electronic expansion valve in the conventional tech-
nology;

FI1G. 16 1s a partially enlarged view of a valve port portion
of the electronic expansion valve i FIG. 15;

FI1G. 17 1s a partially enlarged view of a valve port portion
of an electronic expansion valve according to the present
application;

FIG. 18 1s a s schematic view showing the structure of a
valve needle of the electronic expansion valve according to
the present application;

FIG. 19 1s a schematic view showing a mating structure
of a valve needle and a valve port when the electronic
expansion valve according to the present application 1s 1n a
closed state; and

FIG. 20 1s a schematic view showing a mating structure
of a valve needle and a valve port when the electronic
expansion valve according to the present application 1s 1n an

opened state.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

For those skilled in the art better understanding the
technical solutions of the present application, the present
application 1s further described in details 1n conjunction with
drawings and specific embodiments.

Embodiment 1

Reference 1s made to FIGS. 5 and 6. FIG. 5 15 a schematic
view showing the structure of an electronic expansion valve
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according to a first embodiment of the present application,
and FIG. 6 1s a schematic view showing the structure of a
valve needle of the electronic expansion valve according to
the first embodiment.

As shown m FIG. 5, an electronic expansion valve
includes a valve body 1 and a coil (not shown 1n the figure).
The valve body 1 includes a valve seat 11, and a first
connecting pipe 12 and a second connecting pipe 13 which
are connected to the valve seat 11 and used for the tlowing
of refrigerant. A housing 14 1s fixedly connected on an upper
portion of the valve seat 11. Inside the housing 14, a magnet
rotor 15 which 1s rotatable 1n response to a signal of the coil,
a lead screw 16 fixedly connected to the magnet rotor 15,
and a nut 17 cooperating with the lead screw and converting
a rotating motion of the lead screw into an upward and
downward motion are provided. The lead screw 16 1is
connected to a valve needle 21, and the valve needle 21
realizes the opening and closing of the electronic expansion
valve by cooperating with a valve port 22 arranged on the
valve seat 11 during the upward and downward motion. For
arranging a top dead center and a bottom dead center of the
upward and downward motion of the valve needle, a stop-
ping device 18 1s further provided to limit the motion.

It should be noted that, the electronic expansion valve 1n
FIG. § 1s merely a specific embodiment, and 1s introduced
for the purpose of facilitating the explanation of the work
principle of the electronic expansion valve. Various changes
and improvements of the structure can be further made on
the basis of the above work principle. The core of the present
application 1s to provide a mating structure of the valve
needle and the valve port of the electronic expansion valve,
and the structure 1s suitable for any electronic expansion
valves based on the above work principle. Therefore, the
description of the structure of the above electronic expan-
sion valve should not be interpreted as a limit to the scope
of the present application.

The structure of the valve needle 1s described hereinatter
in conjunction with FIG. 6.

The valve needle 21 includes a main body section 211
connected to the lead screw, a first valve needle conical
surface 212 connected to the main body section 211, and a
second valve needle conical surface 213 connected to the
first valve needle conical surface 212, which are arranged
adjacently 1n order. The first valve needle conical surface
212 1s configured to cooperate with the valve port to
determine a valve closing state and a zero pulse tlow, and the
first valve needle conical surface 212 and the second valve
needle conical surface 213 jointly adjust the flow of the
valve port. Both the first valve needle conical surface 212
and the second valve needle conical surface 213 have a
conical surface structure, and the first valve needle conical
surface 212 has a taper angle larger than a taper angle of the
second valve needle conical surface 213. Thus, a boundary
line 1s formed along a circumierence at a boundary between
the first valve needle conical surface 212 and the second
valve needle conical surface 213, and a plane where the
boundary line 1s located 1s defined as a first plane N1. A third
valve needle conical surface 214 located at a bottom of the
valve needle 1s used to control an inflection point between an
X1 pulse and an X2 pulse of a flow curve as shown 1n FIG.
9.

FIG. 7 1s a schematic view showing a mating structure of
the valve needle 21 and the valve port 22 when the electronic
expansion valve 1s at the zero pulse. The valve port 22 1s
generally of a tubular shape and includes a first valve port
conical surface 221, a straight section portion 222 and a
second valve port conical surface 223, which are arranged 1n
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sequence. The straight section portion 222 1s generally of a
cylindrical shape, and both the first valve port conical
surface 221 and the second valve port conical surface 223
extend 1n a direction away from the axial direction of the
straight section portion 222 and have inner diameters
increased gradually, thus forming an mmner conical surface
shape. Similarly, a boundary line 1s also formed at a bound-
ary between the first valve port conical surface 221 and the
straight section portion 222, and for facilitating description,
a plane where the boundary line 1s located 1s defined as a
second plane N2, as shown in FIG. 7.

At the zero pulse, the first plane N1 1s higher than the
second plane N2. For the valve needle 21, an intersecting
surface of the second plane N2 and the valve needle 21 1s
located on the second valve needle conical surface 213 of the
valve needle 21. In this case, the first valve needle conical
surface 212 1s not 1n contact with the first valve port conical
surface 221, and a section diameter D1 of the valve needle
21 1in the first plane N1 1s larger than a section inner diameter
D2 of the valve port 22 1n the second plane N2, thus an
enough small flow can be made. The second valve needle
conical surface 213 cooperates with the straight section
portion 222, and the flow 1s adjusted by turning the valve
needle 21. With the upward moving of the valve needle 21,
the valve needle 21 reaches a position as shown 1n FIG. 8.
A flow curve formed according to the above structure 1s
shown 1n FIG. 9. The flow 1s greater than zero when the flow
curve 1s at the zero pulse, and the curve rises by a certain
slope until a position where the valve needle 1s fully opened.
Therefore, the flow can be precisely adjusted when the
clectronic expansion valve 1s at a low pulse stage.

When the electronic expansion valve 1s assembled, a zero
pulse position can be directly obtained by adjusting a
relative position between the valve needle and the valve port
and by using a tlow meter. The flow meter 1s connected 1n
a connecting pipe of the electronic expansion valve firstly,
and the turning of the valve needle 1s controlled and a
relative position between the valve needle and the valve port
at the zero pulse 1s debugged, so as to allow the electronic
expansion valve to have a certain imitial flow. Thus, for the
clectronic expansion valve according to the present appli-
cation, the flow accuracy at the zero pulse merely depends
on a test accuracy of the flow meter and 1s not relevant to the
manufacture accuracy of the valve needle and valve port,
which can greatly improve the consistency of the zero pulse
flow.

Since the section diameter D1 of the valve needle 21 1n
the first plane N1 (the largest diameter of the second valve
needle conical surface) i1s larger than the section inner
diameter D2 of the valve port 22 1n the second plane N2 (an
inner diameter of the straight section portion of the valve
port). Theoretically, D1 can be designed to be infinitely
approximate to D2. In other words, a gap between the valve
needle and the valve port at the zero pulse can be infinitely
reduced, that 1s, the zero pulse flow can be set to be infinitely
small, which 1s especially suitable for some special refrig-
crating systems, for example, a R32 refrigerant, a refrigera-
tor and a water heater, thus can enlarge the usage range of
the electronic expansion valve.

For improving the consistency of the zero pulse flow, an
angle of the second valve needle conical surface 213 can be
set to be less than 15 degrees. If the angle 1s too large,
inconsistency of the zero pulse tlow can be increased. As
shown 1n FIG. 7, when a valve body 1s fully closed, the valve
port 22 1s located below the first plane N1. During an
opening process of the valve body, the valve port directly
cooperates with the second valve needle conical surface 213
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of the valve needle 21 to adjust the tlow, and 1s not relevant
to the first valve needle conical surface 212. Thus, a small
opening degree area flow of the electronic expansion valve
1s controllable, and a small opening degree area 1s usable 1n
a system.

For the electronic expansion valve according to this
embodiment, the flow curve does not contain a section in
which a flow value 1s constant. Therefore, the flow can be
adjusted by making full use of a small pulse section, and thus
an adjusting range of the electronic expansion valve 1is
enlarged. When the valve needle 1s 1n a fully closed condi-
tion, the valve needle 1s not in contact with the valve port,
thereby avoiding an abrasion of the valve needle and the
valve port.

Other embodiments of the present application will be
described hereinafter in conjunction with FIGS. 10 to 14.
For facilitating the description of diflerences between other
embodiments and the first embodiment, the components
having the same structures and functions are indicated by the
same reference numbers.

Embodiment 2

Reference 1s made to FIG. 10, which 1s a schematic view
showing the mating structure of a valve needle and a valve
port of the electronic expansion valve according to a second
embodiment.

In this embodiment, a valve port 22 has the same structure
as the first embodiment, including a first valve port conical
surface 221, a straight section portion 222 and a second
valve port conical surface 223, which are arranged in
sequence. The straight section portion 222 1s generally
cylindrical shaped, and both the first valve port conical
surface 221 and the second valve port conical surface 223
extend 1n a direction away from the axial direction of the
straight section portion 222 and have an mner diameter
increased gradually, thus forming an 1nner conical surface
shape. A boundary line 1s formed at a boundary between the
first valve port conical surface 221 and the straight section
portion, and a plane where the boundary line 1s located 1s
defined as a second plane N2.

A valve needle 31 includes a main body portion 311 and
a first conical surface portion 312 connected to the main
body portion 311, and the largest diameter of the first conical
surface portion 312 1s larger than an inner diameter of the
straight section portion 222. At a zero pulse position, an
intersecting surface of the second plane N2 and the valve
needle 31 1s located at the first conical surface portion 312.

The method for adjusting a zero pulse position in this
embodiment 1s the same as that in the first embodiment,
which 1s not described herein.

Embodiment 3

FIG. 11 1s a schematic view showing a mating structure of
a valve needle and a valve port of the electronic expansion
valve according to a third embodiment.

In this embodiment, a valve needle 21 has the same
structure as the first embodiment, including a main body
section 211 connected to a lead screw, a first valve needle
conical surface 212 connected to the main body section 211
and a second valve needle conical surface 213 connected to
the first valve needle conical surface 212. A third valve
needle conical surface 214 can be arranged according to the
requirement of tlow adjustment.

A valve port 32 1s a straight section portion 321 which 1s
generally hollow cylindrical shaped, no conical surface
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portion 1s arranged, and the largest diameter of the second
valve needle conical surface 213 i1s larger than an inner
diameter of the straight section portion 321. A top of the
valve port 32 defines a second plane N2, and an intersecting,
surface of the second plane N2 and the valve needle 21 1s on
the second valve needle conical surface 213 of the valve
needle 21. In this embodiment, the method for adjusting a
zero pulse position 1s the same as that 1n the first embodi-
ment, which 1s not described herein.

Embodiment 4

FIG. 12 1s a schematic view showing a mating structure
of a valve needle and a valve port of the electronic expansion
valve according to a fourth embodiment.

In this embodiment, a valve needle 21 has the same
structure as the first embodiment, including a main body
section 211 connected to a lead screw, a first valve needle
conical surface 212 connected to the main body section 211
and a second valve needle conical surface 213 connected to
the first valve needle conical surface 212.

A valve port 42 1ncludes a straight section portion 421
which 1s generally hollow cylindrical shaped, and a conical
surface portion 422 arranged adjacent to the straight section
portion 421. An inner diameter of the straight section portion
421 1s smaller than the largest diameter of the second valve
needle conical surface portion 213. A top of the straight
section portion 421 defines a second plane N2, and an
intersecting surface of the second plane N2 and the valve
needle 21 1s on the second valve needle conical surface 213
of the valve needle 21.

Embodiment 5

FIG. 13 1s a schematic view showing a mating structure
ol a valve needle and a valve port of the electronic expansion
valve according to a fifth embodiment.

In this embodiment, a valve port 32 has the same structure
as that 1n the third embodiment, and 1s a straight section
portion 321 which 1s generally hollow cylindrical shaped, no
conical surface portion 1s provided, and a top of the valve
port defines a second plane N2 1n this embodiment. A valve
needle 31 has the same structure as that in the second
embodiment, including a main body portion 311 and a {first
conical surface portion 312 connected to the main body
portion 311, and the largest diameter of the first conical
surface portion 312 1s larger than an mner diameter of the
straight section portion 321.

At a zero pulse position, an intersecting surface of the
second plane N2 and the valve needle 31 1s on the first
conical surface portion 312. An intersecting surface of the
second plane N2 and the valve needle 21 1s on the second
valve needle conical surface 213 of the valve needle 21.

Embodiment 6

FIG. 14 1s a schematic view showing a mating structure
ol a valve needle and a valve port of the electronic expansion
valve according to a sixth embodiment.

Having the same structure as that in the fourth embodi-
ment, a valve port 42 includes a straight section portion 421
which 1s generally hollow and cylindrical shaped and a
conical surface portion which is arranged adjacently to the
straight section portion 421, and a top of the straight section
portion 421 defines a second plane N2 in this embodiment.

Having the same structure as that 1n the second embodi-
ment, a valve needle 31 includes a main body portion 311
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and a first conical surface portion 312 connected to the main
body portion 311, and the largest diameter of the first conical
surface portion 312 1s larger than an inner diameter of the
straight section portion 421. An intersecting surface of the
second plane N2 and the valve needle 21 1s on the second
valve needle conical surface 213 of the valve needle 21.

It should be supplementally explained that, in the above
embodiments, a bottom end of the valve needle 1s further
provided with an end portion which 1s cone shaped and 1s
configured to control whether an inflection point exists
between an X1 pulse and an X2 pulse 1n the tlow curve as
shown 1n FIG. 9. However, 1t has small eflect on the flow
adjustment to low pulse phase and thus 1t 1s not described 1n
detail in the above embodiments.

Reference 1s made to FIG. 17, which 1s a partially
enlarged view of a valve port portion of an electronic
expansion valve according to the present application.

It should be noted that, in the present application, the
mating structure of the valve needle and the valve port in the
conventional technology 1s improved. Other components of
the electronic expansion valve, such as the magnet rotor, the
lead screw, the nut, the stopping device and so on can adopt
the structures in the conventional technology or can adopt
other electronic expansion valve structures which can realize
the same functions. The structures of the above components
are not limited by the present application, and based on the
technical solutions according to the present application,
those skilled 1n the art can apply the technical solutions to
the structures of all types of electronic expansion valves.

For facilitating the description of the technical solution of
the present application, a component having the same struc-
ture as a component in the conventional technology uses the
same reference number.

As shown 1n FIG. 17, a valve seat 16 1s provided with a
valve port 17. In this embodiment, the valve port 17 1s
formed by directly machining the valve seat 16. The valve
port 17 includes a first valve port conical surface 221, a
straight section portion 222 and a second valve port conical
surface 223. The first valve port conical surface 221 and the
second valve port conical surface 223 are respectively
arranged on two ends of the straight section portion 222 and
extend 1n a direction away from the straight section portion
222. A conical surface inner diameter gradually increases at
a certain taper in the extending direction.

A taper angle ol of the first valve port conical surface 221
1s set to be within a range of 50°£20°. In the case that the
taper angle 1s too small, the largest flow of the product may
be adversely affected. In the case that the taper angle 1s too
large, the noise reduction eflect in the present application 1s
not remarkable.

In an electronic expansion valve which 1s fully closed and
allows no flow (that 1s, the valve needle contacts with a valve
port to make the electronic expansion be 1n a closed state and
there 1s no fluid flowing out), the taper angle of first valve
port conical surface 221 1s further limited to range from 50°
to 70°. Thus 1s because that a too small taper angle may result
in a seli-locking phenomenon between the valve needle and
the valve port, which may adversely aflect the action per-
formance of the electronic expansion valve.

A taper angle a2 of the second valve port conical surface
223 1s set to be within a range of 36°+£20°. I1 the taper angle
1s too large, the noise reduction effect 1s too poor. 11 the taper
angle 1s too small, the largest diameter of the second valve
port conical surface 223 having the same length maybe too
small and has a too large difference from an inner diameter
of the connecting pipe, thus may still causing a refrigerant
noise.
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In addition, referring to FIG. 20, the valve needle 18
includes a first conical surface 181, a second conical surface
182 and a third conical surface 183 which are arranged at a
lower end portion of the valve needle 18 1n sequence. The
first conical surface 181 1s configured to cooperate with a
first valve port conical surface 221 on the valve port, and a
conical angle 31 of the first conical surface 181 1s smaller
than the conical angle ¢l of the first valve port comical
surface 221 by 20°£10°, namely, satisiying the relationship:
a1-p1=20°£10°; 11 this taper angle diflerence 1s too small,
not only the largest flow may be limited, but also a friction
force between the first conical surface 181 and the first valve
port conical surface 221 on the valve port may be increased;
if this taper angle difference 1s too large, not only the noise
reduction eflect may be adversely aflected, but also the
abrasion between the first conical surface 181 and the first
valve port conical surface 221 on the valve port may be
aggravated. The third conical surface 183 can be arranged
according to the requirement of flow characteristic or can
also not be provided. Also for the electronic expansion valve
which 1s fully closed and has no tlow, the angle of 31 ranges
from 40° to 60°. If the angle decreases further, the seli-
locking phenomenon between the valve needle and the valve
port occurs, which adversely affects the motion performance
of the electronic expansion valve.

For turther reducing the noise generated by the fluid, the
valve seat 16 1s provided with a first chamber F1 and a
second chamber F2. The first chamber F1 1s generally
hollow and cylinder shaped and has an inner diameter which
may be set to be equal to the largest inner diameter of the
first valve port conical surface 221, so that a conical cham-
ber formed by the first chamber F1 and the first valve port
conical surface 221 i1s smoothly transited and noise gener-
ated when the flud flows between the two chambers can be
decreased.

Furthermore, the second chamber F2 i1s arranged at a
lateral side of the valve seat 16 and has an axis coincident
with a center axis of the first connecting pipe 14. In the case
that the fluid flows 1nto the electronic expansion valve via
the first connecting pipe 14, the fluid flows through the
second chamber F2, enters an inner chamber of the valve
seat 16, and then flows through the valve port 17 to flow 1nto
the second connecting pipe 13.

In this embodiment, an 1inner diameter D1 of the first
chamber F1 i1s set to be approximately equal to an inner
diameter D2 of the second chamber F2, and a cross sectional
area S1 of the first chamber F1 and a cross sectional area S2
of the straight section portion 222 of the valve port meet the
relationship: 2=S81/52<3.

A height d1 of the first valve port conical surface 221 can
be set to be approximately equal to a height d3 of the second
valve port conical surface 223, and a ratio between, the
height d1 or the height d3, and a height d2 of the straight
section portion 222 meet the following relationships: 2=d1/
d2=<10, or 2=d3/d2<10.

If the height of the first valve port conical surface 221 1s
too small, the noise reduction eflect 1s not obvious, and 1t
this height 1s further increased, the noise reduction eflect
may not be improved linearly while the manufacturing cost
may sharply increase.

In this embodiment, during the process of the valve needle
leaving the valve port and reaching a fully opened state, as
shown 1n FIGS. 19 and 20, flow channels having an annular
cross section are formed between the first conical surface
181 of the valve needle and the first valve port conical
surface 221 of the valve port, and areas of the annular tflow
channels gradually increase from the valve port to the inner
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chamber of the valve seat. Thus, the first valve port conical
surface 221 can make the flow areas from the valve port to
the inner chamber of the valve seat to smoothly change, and
the flow area does not change suddenly when the fluid passes
through the valve port, thus restraiming the bubbles from
being generated to the utmost extent and reducing the noise.

The electronic expansion valve provided by the present
application 1s described 1n detail hereinbetore. The principle
and the embodiments of the present application are 1llus-
trated herein by specific examples. The above description of
examples 1s only mntended to help the understanding of the
method and the spirit of the present application. It should be
noted that, for those skilled 1n the art, many modifications
and 1improvements may be made to the present application
without departing from the principle of the present applica-
tion, and these modifications and improvements are also

deemed to fall into the protection scope of the present
application defined by the claims.

What 1s claimed 1s:

1. An electronic expansion valve, comprising:

an electromagnetic coil configured to apply a pulse to

allow the electronic expansion valve to operate 1n
response to the pulse;

a valve body provided with a valve port; and

a valve needle configured to cooperate with the valve port

to adjust a flow of the electronic expansion valve;

wherein the valve needle comprises a main body sec-
tion and a first conical surface portion which 1is
arranged adjacent to the main body section,

wherein the valve port comprises a straight section
portion having equal diameters; and

wherein when the electromagnetic coil applies a zero
pulse for a zero pulse position of the valve needle,
the flow 1s the smallest but i1s greater than zero, the
straight section portion 1s not in contact with the
valve needle, and an itersecting surface of a second
plane and the valve needle are on the first conical
surface portion, and, a top end of the straight section
portion 1s located on the second plane.

2. The electronic expansion valve according to claim 1,
wherein the valve port further comprises a first valve port
conical surface and a second valve port conical surface,
which are arranged at two ends of the straight section portion
respectively, extend in a direction away from an axial
direction of the straight section portion and have inner
diameters increased gradually.

3. The electronic expansion valve according to claim 2,
wherein a boundary line between the first valve port conical
surface and the straight section portion 1s located on the
second plane.

4. The electronic expansion valve according to claim 1,
wherein the largest diameter of the first conical surface
portion 1s larger than an inner diameter of the straight section
portion.

5. An electronic expansion valve, comprising;

an electromagnetic coil configured to apply a pulse to

allow the electronic expansion valve to operate 1n
response to the pulse;

a valve body provided with a valve port; and

a valve needle configured to cooperate with the valve port

to adjust a flow of the electronic expansion valve;

wherein the valve needle comprises a main body sec-
tion, a first valve needle conical surface and a second
valve needle conical surface, which are adjacently
arranged 1n sequence,
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wherein the first valve needle conical surface has a
taper angle larger than a taper angle of the second
valve needle conical surtace,

wherein the valve port comprises a straight section
portion having equal diameters, and

wherein when the electromagnetic coil applies a zero
pulse for a zero pulse position of the valve needle, a
flow 1s the smallest but 1s greater than zero, the
straight section portion 1s not in contact with the
valve needle, and an mtersecting surface of a second
plane and the valve needle 1s on the second valve
needle conical surface, and a top end of the straight
section portion 1s located on the second plane.

6. The electronic expansion valve according to claim 5,
wherein the valve port further comprises a first valve port
conical surface and a second valve port conical surface,
which are arranged at two ends of the straight section portion
respectively, extend n a direction away from an axial
direction of the straight section portion and have inner

diameters increased gradually; and
a boundary line between the first valve port conical
surface and the straight section portion is located on the
second plane.

7. The electronic expansion valve according to claim 3,
wherein the largest diameter of the second valve port conical
surface 1s larger than an 1nner diameter of the straight section
portion.

8. The electronic expansion valve according to claim 5,
wherein the valve port further comprises a conical surface
portion, and the largest diameter of the second valve needle
conical surface i1s larger than an inner diameter of the
straight section portion of the valve port.

9. The electronic expansion valve according to claim 1,
wherein the valve port further comprises conical surface
portion.

10. The electronic expansion valve according to claim 1,
wherein the valve port comprises a first valve port conical
surface, the straight section portion and a second valve port
conical surface, which are arranged 1n sequence; and

a height of the first valve port conical surface and a height

of the straight section portion meet the relationship:
2=d1/d2=10, where d1 1s the height of the first valve
port conical surface and d2 1s the height of the straight
section portion.

11. The electronic expansion valve according to claim 10,
wherein a height of the second valve port conical surface and
the height of the straight section portion meet the relation-
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ship: 2=d3/d2=10, where d3 1s the height of the second valve

port conical surface and d2 1s the height of the straight
section portion.

12. The electronic expansion valve according to claim 10,
wherein the first valve port conical surface and the second
valve port conmical surface are respectively arranged at two
ends of the straight section portion, extend 1n a direction
away from an axial direction of the straight section portion,
and have mner diameters increased gradually.

13. The electronic expansion valve according to claim 12,
wherein a taper angle of the first valve port conical surface
1s within a range of 50°+£20°.

14. The electronic expansion valve according to claim 13,
wherein the taper angle of the first valve port conical surface
ranges from 50° to 70°.

15. The electronic expansion valve according to claim 12,
wherein a taper angle of the second valve port conical
surface 1s within a range of 36°x20°.

16. The electronic expansion valve according to claim 10,
wherein the valve needle comprises a first conical surface
and a second conical surface; the first conical surface
cooperates with the first valve port conical surface of the
valve port and meets the relationship: al-1=20°+10°,
where al 1s the taper angle of the first valve port conical
surface of the valve port and {31 1s the taper angle of the first
conical surface of the valve needle.

17. The electronic expansion valve according to claim 10,
wherein a valve seat 1s provided with a first chamber and a
second chamber, the first chamber 1s adjacent to the first
valve port conical surface, and an inner diameter of the first
chamber 1s equal to the largest inner diameter of the first
valve port conical surface.

18. The electronic expansion valve according to claim 17,
wherein an inner diameter of the first chamber 1s approxi-
mately equal to an mner diameter of the second chamber,
and a cross sectional area of the first chamber and a cross
sectional area of the straight section portion meet the rela-
tionship: 2=81/52<35, where S1 1s the cross-sectional area of
the first chamber and S2 1s the cross-sectional area of the
straight section portion.

19. The electronic expansion valve according to claim 16,
wherein during a process of the valve needle moving away
from the valve port by at least 250 pulses, a flow channel
having an annular cross section 1s formed between the first
valve port conical surface and the first conical surface.
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